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Abstract — An experiment was conducted to compare the effect of sugarcane distillery waste (stillage) and 
chemical fertilizer (N:P:K; 2:3:2 (22)) on the yield of butternut squash ( Cucurbita moschata) grown under rain - 
fed conditions at Tambankulu Estates in the north eastern Lowveld of Eswatini. The experiment was run for a 
period of two years. Three levels of fertilizer, 43 kg, 86 kg and 129 kg and three levels of stillage 296 liters, 585 
liters and 876 liters were applied to plots each measuring 450 m 2 .Yield (fruit weight) and fruit size (fruit length 
and diameter) characteristics were measured at han’est. Data was subjected to the analysis of variance as per 
the design of the experiment. Yield and fruit length showed highly significant differences between the factors 
and levels whereas there were no significant differences in diameter. The highest yield of 960 g/fruit was 
recorded for stillage when applied at 585 liters followed by the highest concentration of876 liters that yielded 
950 g/fruit. The lowest level of fertilizer yielded the lowest yield of 721 g/fruit, with the two higher levels of 
fertilizer yielding the same 810 g/fruit. The control treatments with no fertilizer or stillage yielded the same 
lowest yield on average 550 g. The results of the experiment show that distillery waste (stillage) can be 
effectively used in the production of butternut squash in place of 2:3:2 (22) fertilizer. 
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I. INTRODUCTION 

Butternut squash ( Cucurbit moschata ) is an important 
summer commercial crop grown by smallholder farmers 
in Southern Africa and is a type of winter squash 
(Department of Agriculture, Forestry and Fisheries, 
2011). Butternut squashes are increasing in popularity 
because the opportunity of production and keeping of 
quality are good and sunburn is not a major problem. The 
harvested fruit is hardy and can be left on theland for a 
month or two. It has a sweet, nutty taste similar to that of 
a pumpkin. It has yellow skin and orangefleshy pulp. 
When ripe, it turns increasingly deep orange, and 
becomes sweeter and richer with time. It grows on a vine 
which a plus for farmers since local material could be 
used.lt is the most commonly and regularly grown 
delicious vegetable among the cucurbits because it is a 
rich source of vitamin A, phosphomsand calcium (Yavuz, 
et al., 2015). It is also an excellent source of fibre, vitamin 
E, vitamin C, manganese, magnesium and potassium.The 
young and tender shoots make good vegetable salads. 


The cultivation of this vegetable in Eswatini using 
sugarcane stillage as a source of fertilizer has not been 
investigated. Sugarcane stillage an organic waste, such as 
press mud or filter cake, is generated as a by-product of 
most sugarcane industries and characterized as a soft, 
spongy, amorphous, and dark brown to brownish material 
(Ghulam et al.,2012; Wynne and Meyer, 2002). It is 
generated during the purification of sugar by carbonation 
or sulphitation processes. Both the processes separate 
clear juice on top and mud at the bottom It is considered 
as rejected waste material of sugarcane industries that 
cause problem of storage and pollution to the surrounding 
of sugar mills on its accumulation (Bhosale et al.,2012). It 
also supplies a good amount of organic manure (Bokhtiar 
et al.,2001) and can be an alternate source of plant 
nutrient (Rajagopal et al., 2014) and act as a soil 
ameliorates (Khan et al., 2016). 

Sugarcane production is the biggest agricultural industry 
in Eswatini with over 60 000 hectares of land under 
irrigated sugarcane (SSA, 2014). There are three main 
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sugarcane processing factories, Mhlume and Simunye 
sugar factories in the north eastern part of the country and 
Ubornbo in the southern part. From these factories, 
stillage is produced as a by - product to be dumped in 
suitable areas like landfills. If improperly applied, the 
stillage can cause environmental problems, such as 
ground water pollution. This experiment was done to 
determine the effect of sugarcane stillage on the yield of 
butternut squash ( Cucurbita moschata ) grown under rain 
fed conditions. The results of are to be used to help local 
farmers in the proper disposal of stillage and the 
cultivation of vegetables. 

II. MATERIALS AND METHODS 
Location 

The field experiment was conducted at Tambankulu 
Estates in the north eastern part of the Lowveld of 
Eswatini. This siteis located at a latitude of 26.13°S, 
longitude 31.93°E, and an altitude of 219 m above sea- 
level. The area receives an annual rainfall of about 600 
mm The soils are mostly the alluvial type which are deep 
red, well structured (medium to heavy clays) and free 
draining. 

Experimental layout and crop management 
The experiment was laid out as a split-plot, with stillage 
and fertilizer regimes as the main plots (factors) with each 
factor having three levels. The levels were split into three 
subplots namely; recommended, less than recommended 
and more than recommended. Stillage and fertilizer were 
not applied in the control plots. Butter nut seeds were 
manuallysown on the 9th of December, 2009, at a spacing 
of 75 cm between rows and 60 cm within rows, with one 
plant perstation (2.2 plants perm 2 ). Each plot was 450 m 2 . 
F ertiliser application and plant protection 


Fertilizer and stillage were applied manually at the time 
of planting. Weeds were initially managed by herbicides 
and secondary weeds were manually uprooted using hoes. 
Bravoand Metafort 60SL were sprayed in a mixture at 
800 ml per ha,in 500-1000 litres of water per hectare, 
every 14-21 days, inorder to control fungal diseases: 
powdery mildew (Erysiphecichoracearum, Jaczewski) 
and bacterial diseases. 

Soil and stillage Properties 

Soil samples were collected in each main block before 
planting and after planting just before harvesting using an 
auger in a zig-zag pattern within a depth of 0 to 20 cm 
and sent to Omnia Chemtech laboratory for analysis 
(Omnia, 2019). The samples were analysed for the 
following physico-chemical properties; bulk density, pH, 
sulphur, nitrogen, phosphorus, potassium calcium 
magnesium sodium and electrical conductivity. Stillage 
samples were sent to Enviro Applied Products 
commercial laboratory (Enviro Applied Products, 
2019)for chemical analysis. 

Yield (growth) parameters of the butternut fruit 
Yield (growth) parameters at harvest, fruit size, average 
fruit length (longitudinal) and equatorial diameter were 
measured using a digital scale and calliper. 

HI. RESULTS AND DISCUSSION 
Stillage Analysis 

The results of the chemical components of stillage are 
shown in Table 1. While most of the components have 
results with units of parts per million, nitrogen (N), 
Phosphoms (P), potassium (K) and chloride (Cl) have 
units of percentages since they were analysed following 
Kjeldahl’s method (Labconco, 2008). 


Table. 1: The physicochemical properties of the stillage applied in the butternut squash experiment 


N 

P 

K 

Cl 

Fe 

Cu 

Mn 

Zn 

Ca 

S 

Sr 

Bi 

Sn 

Ti 

1.53 

1.50 

3.59 

1.55 

133 

130 

31.3 

220 

5944 

4731 

25.2 

24 

19 

6 

% 

% 

% 

% 

ppm 

ppm 

ppm 

ppm 

ppm 

ppm 

ppm 

ppm 

ppm 

ppm 


The result shows that stillage contains more potassium 
(K) and about equal amounts of nitrogen, phosphoms and 
chloride. It also contains a lot of calcium and sulphur 
when compared to zinc, copper, iron and manganese, hi 
addition, the product contain trace amounts of titanium 

Table.2: The physicochemical properties of the 


(Ti), tin (Sn), bismuth (Bi) and strontium (Sr) which all 
have alkali properties. 

Soils analysis before and after planting 
The results of the soil chemical analysis before planting 
and at harvesting of the butternut squash are shown in 
Table 2 and Table 3 respectively. 

7 before planting the butternut squash experiment 


Bulk density 
(kg/m 3 ) 

pH 

S 

(ppm) 

N 

(ppm) 

P 

(ppm) 

K 

(ppm) 

Ca 

(ppm) 

Mg 

(ppm) 

Na 

(ppm) 

EC 

(s/m) 

1251 

5.56 

10 

52.7 

8 

79 

1270 

523 

67 

1.48 


Calcium andmagnesium contents ofthe soil were much higher than the other chemicals, with calcium the highest. 
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Table.3: The physicochemical properties of the soil after harvesting the butternut squash experiment 




Bulk 

Density 

(Kg/m 3) 

pH 

S (ppm) 

N (ppm) 

P (ppm) 

K (ppm) 

Ca (ppm) 

Mg (ppm) 

Na (ppm) 

EC (s/m) 














Control 

1251 

5.5 

16 

53 

7 

79 

1270 

523 

67 

1.48 














LC 

1099 

6.0 

7 

60 

22 

112 

2020 

878 

198 

1.40 

Stillage 

RC 

1066 

6.0 

19 

64 

1 

138 

1990 

819 

234 

1.48 


MC 

976 

6.8 

4 

67 

7 

226 

4830 

724 

467 

4.07 














LC 

944 

4.8 

11 

60 

21 

138 

1420 

707 

47 

1.23 

Fertilizer 

RC 

1015 

6.4 

11 

67 

30 

177 

4000 

1260 

234 

1.94 


MC 

985 

6.4 

20 

80 

42 

122 

3210 

1100 

290 

1.78 














where; LC - low 1 concentration, RC - recommended concentration, andMC - more than recommended concentration 


Table 3 shows that the application of stillage and fertilizer 
in the soil had a reduction effect on the bulk density and 
the soil sulphur content. Fertilizer tended to have a 
slightly bigger reduction in bulk density than stillage and 
stillage had a bigger reduction in soil sulphur compared to 
the fertilizer treatments. Soil pH was slightly increased by 
both stillage and fertilizer. Both stillage and fertilizer 
resulted in increases in the availability of the other 
chemical elements, nitrogen, phosphoms, potassium, 
calcium, magnesium and sodium Stillage did not affect 


the electrical conductivity of the soil except when applied 
at more than the recommended concentration which 
resulted in an increased soil EC. Increasing the 
concentration of fertilizer tended to increase the electrical 
conductivity of the soil. 

Butternut squash yield (length, diameter and weight) 

Butternut squash yield (fruit length (cm), fruit diameter 
(cm) and fruit weight (grams)) results are shown in Table 
4 below. 


Table.4: Butternut squash yield (fruit length (cm), fruit diameter (cm) and fruit weight (grams)) measured at harvest 




Butternut Squash 
Length (cm) 

Butternut Squash 
Diameter (cm) 

Butternut Squash 
weight (gm) 






Control 


1 2.1 

30.2 

542.2 







LC 

18.5 

30.3 

220. 1 

Stillage 

rc: 

20.0 

31.2 

960.3 


MC 

19.9 

31.3 

952.0 

Mean 

19.5 

31.1 

894.1 


LC 

16.2 

31.9 

221. 1 

Fe rtili ze r 

rc: 

17. 6 

33.0 

810.0 


MC 

17. 5 

32.8 

809.2 

Mean 

17.1 

32.5 

280.3 







Significance 

=*==*= 

IMS 



Inte raction 

!\IS 

IMS 

** 







Values showing ** stand for significant differences at P < 0.01 probability level, whereas NS represents a non -significant 
value. 


Butternut squash fruit length was significantly increased 
by the application of stillage whereas fertilizer did not 
seem to improve the fruit length. 

There were no significant differences in fmit diameter 
between the stillage and fertilizer treatments. The 
fertilizer treatments however showed a slightly bigger 
diameter compared to the stillage treatments. 


There were highly significant differences in butternut fruit 
weight between the stillage and fertilizer treatments 
compared to the control. The mean weight for the stillage 
treatments was 894.1 g when compared to 780.3 g for the 
fertilizer treatment. Also, the weight for the fertilizer 
treatments was highly significantly (P < 0.01) greater than 
the control which was 547.7 g. This shows that the 
application of either stillage or fertilizer resulted in an 
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increased butternut fruit weight. These results are similar 
to those reported by Van Antwerpen, et aL, (2003) 

Figure 1 shows the effect of fertilizer and stillage 
concentration on the weight of butternut squash. 



- Fertilizer - Stillage 


Fig 1.Showing the effect of the concentration of fertilizer and stillage on the weight of butternut squash. 


Increasing the concentration beyond the recommended 
dosage seems to have no effect on the weight. 


IV. CONCLUSION 

It can be concluded from the results of this experiment 
that the application of stillage result in improved soil 
chemical properties and increased butternut squash fruit 
yield (length and weight) when compared to fertilizer 
(N:P:K; 2:3:2 (22)). However, applying more than the 
recommended dose of stillage and or fertilizer seems to 
reduce yield.Depending on the economics, stillage is a 
better alternative to chemical fertilizer. 

ACKNOWLEDGEMENTS 

The authors are highly indebted to the assistance offered 
by Mr. R. Steenkamp of Enviro Applied Products and 
Miss D. Mabila for providing the stillage used in the 
experiment, Mr. M. Laker from Omnia Laboratory who 
helped with the chemical analysis and to Tambankulu 
Estates for providing the land used for the experiment. 

REFERENCES 

[1] Bhosale, P.R, Chonde, S.G., Raut, P.D. (2012) Studies on 
extraction of sugarcane wax from press mud of sugar 
factories from Kolhapur district, Maharashtra. J Environ 
Res Dev 6(3A):615-620. 

[2] Bokhtiar, S.M., Paul, G.C., Rashid, M.A., Rahman, 
A.B.M. (2001) Effect of press mud and oganic nitrogen on 


soil fertility and yield of sugarcane grown in high Ganges 
river flood plain soils of Bangladesh. Indian Sugar 
LL235-240 

[3] Dotaniya, M. L., Datta, S. C., Biswas, D. R., Dotaniya, C. 
K., Meena, B. L., Rajendiran, S., Regar, K. L. and Lata, 
M. (2016). Use of sugarcane industrial by products for 
improving sugarcane productivity and soil health. Int J 
Recycl Org Waste Agricult 5: 185 - 194 

[4] Enviro Applied Products (2019). Enviro Applied 
Products-Simunye. https://www.12b.co.za/Branch/Enviro- 
Ap p lied-Product s-Simuny e/127838 

[5] Ghulam, S., Khan, M.J., Usman, K., Shakeebullah. 
(2012). Effect of different rates of press mud on plant 
growth and yield of lentil in calcareous soil. Sarhad J 
Agric 28(2):249-252. 

[6] Khan. M., Saifullah, Ahmad, I„ Abbas, A. and Khan, R. 
A. (2016). Effects of sugarcane molasses and ash on the 
organic management of root-knot nematode 
Meloidogynejavanica in tomato. Journal of Entomolgy 
and Zoology studies; 4(6): 178 - 183 

[7] Labconco. (2008). A guide to Kjeldahl Nitrogen 

determination Methods and Apparatus. 

http://www.expotechusa.com/catalogs/labconco/pdf/KJEL 
DAHLguide.PDF 

[8] Omnia. (2019). Omnia. Overview. 

https://www.omnia.co.za/our-business/agriculture 

[9] Rajagopal Vadivel, Paramjit Singh Minhas, Suresh Kumar 
P., Yogeswar Singh, Nageshwar Rao D. V. K. and 


www.iieab.com 


Page | 1318 








International Journal of Environment, Agriculture and Biotechnology (IJEAB) 
https://dx.doi.ora/10.22161/iieab.45.3 


Vol-4, Issue-5, Sep-Oct- 2019 
ISSN: 2456-1878 


AvinashNirmale. (2014). Significance of vinasses waste 
management in agriculture and environmental quality 
review. African Journal of Agricultural Research. Vol. 9 
(38). Pp 2862 - 2873. 

[10] Squash (Cucurbita moschata) Production Manual. (2011). 
Plant Production. Department of Agriculture, Forestry and 
Fisheries. Republic of South Africa. pp28. 

[11] SSA. (214). Swaziland Sugar Association Annual Report. 

[12] Van Antwerpen, R., Flaynes,R.J., Meyer, J.H. and Fllanze, 
D., (2003). Assessing organic amendments used by 
sugarcane growers for improving soil chemical and 
biological properties. Proc S AfrSugTechnoI Ass 80:130- 
135. 

[13] Wynne, A. T. and Meyer, J. H. (2002). An economic 
assessment of using molasses andcondensed molasses 
solids as a fertiliser in the South African sugar 
industry .Proc S AfrSugTechnoI Ass. 76. 

[14] Yavuz, D., Seymen, M., Yavuz, N., and Turkmen, O. 
(2015). Effects of irrigation interval and quantity on the 
yield and quality of confectionary pumpkin grown under 
field conditions. Agricultural Water management. 
Volume 159. Pg 290-298. 


www.iieab.com Page | 1319 





